Background: The clinical significance of inferior wall acute myocardial infarction (MI) with combined STsegment elevation in both anterior and inferior leads, compared with inferior leads alone, is unknown.
Introduction
In acute myocardial infarction (MI) accompanied by combined ST-segment elevation in both anterior and inferior leads, the culprit vessel is either the left anterior descending (LAD) artery or the right coronary artery (RCA). The former scenario is usually caused by distal occlusion of a wrapped LAD 1 -4 and associated with a good prognosis. 1 The latter has been reported to be associated with proximal RCA occlusion and right ventricular (RV) infarction. 5 -10 The clinical characteristics and prognosis has yet been clearly defined. The purpose of this study was to examine the clinical implications of precordial leads ST-segment elevation in patients presented with acute inferoposterior MI caused by proximal RCA occlusion.
Methods
From January 1997 to November 2005, consecutive patients with documented proximal RCA occlusion by angiography, who presented with acute inferior MI to our Coronary Care Unit were retrospectively recruited. Acute inferior MI was defined as typical chest pain of longer than 30 min; ST-segment elevation of ≥ 1.0 mm in ≥ two inferior leads (II, III, aVF); and more than twofold increase in serum creatinine phosphokinase (CPK) levels. Patients were only included if they had first MI; symptom onset of less than 12 h; and coronary angiography performed within 6 weeks from symptom onset. Patients who had bundle branch block on electrocardiography, or more than 80% diameter stenosis in either LAD or left circumflex artery (LCx) were excluded.
A total of 158 patients (114 men and 44 women, mean age of 65.8 ± 11.9 years) were analyzed. They were further divided into three subgroups according to the magnitude of concurrent ST-segment deviation in lead V2: STsegment elevation of ≥ 2.0 mm (Group A, n = 19); STsegment lay between +2.0 mm and −2.0 mm (Group B, n = 74); and ST-segment depression ≥ 2.0 mm (Group C, n = 65). The clinical and electrocardiographic features were then compared among the three subgroups.
Electrocardiographic recordings
A standard 12-lead and right precordial lead electrocardiograms were recorded at a speed of 25 mm/s and a voltage of 10 mm/mV at the time of admission. The electrocardiograms were magnified twofold by photocopiers and reviewed by two independent investigators who were unaware of the patients' clinical and angiographic data. The ST-segment changes were measured at 40 ms from the J point using calipers. Measurements were made to the nearest 0.5 mm (0.05 mV). The preceding TP-segment was used as an isoelectric line. In cases of discrepancy, final decision was made by a third investigator.
Coronary angiography
Coronary angiography was performed within 6 weeks of the MI episode by experienced operators. The angiographic findings were evaluated by two independent investigators unaware of the patients' clinical and electrocardiographic data. In cases of discrepancy, final decision was made by a third investigator. The infarct-related lesion was identified by either (i) total occlusion or a significant stenosis (≥ 70% diameter narrowing) of the LCx or RCA or their major branches, or (ii) angiographic evidence of an intraluminal thrombus. Proximal RCA was defined as the coronary segment that lay proximal to the first RV branch based on revised American College of Cardiology/American Heart Association guidelines. 11
Statistical analysis
Mean value ± standard deviation was calculated for continuous variables; absolute and relative frequencies were measured for categorical variables. For continuous variables, statistical significance of differences between groups was analyzed by one-way ANOVA test. The Pearson chi-square test was used to compare differences between groups containing categorical variables. A p value of <0.05 was considered statistically significant.
Results

Clinical presentation
The clinical characteristics, short-and long-term outcome of patients were summarized in Table 1 . There was no significant difference concerning the distribution of age, sex, prevalence of cardiovascular risk factors, and time from symptom onset to hospital among the three subgroups. However, Group A patients had significantly higher left ventricular ejection fraction (LVEF) and lower CPK level than the other two subgroups. Moreover, both parameters showed a gradation of change on moving from Group A to C.
The adopted treatment strategies included thrombolytic therapy, primary angioplasty, and conservative treatment followed by elective angioplasty; they demonstrated no significant difference among the three subgroups. Even after combining thrombolytic therapy and primary angioplasty into one 'revascularization' group, the difference was still not significant. Both in-hospital death and oneyear mortality were highest for Group C, although it did not reach statistical significance. By multivariate analysis, the LVEF was the only independent risk factor for 1-year mortality.
Electrocardiographic features
The electrocardiographic characteristics of the three subgroups were listed in Table 2 . Group A consistently had more patients with ST-segment elevations in each of the chest leads. The proportion of patients with STsegment elevation in V 4R was also the highest among the subgroups.
In contrast, Group C patients had more ST-segment depression in lead V1-V6. Indeed, the frequency of STsegment depression in each precordial lead showed a gradation of change on moving across the subgroups. Moreover, the total sum of magnitude of ST-segment elevation was highest in Group C.
Discussion
In electrocardiography, the conventional 'anterior' or 'inferior' leads refer only to their positive directions. Indeed, the net amount ST-segment deviation is the sum of the positive and negative vector of injury of two opposite territories. In other words, these leads provide information regarding two opposite rather than only one myocardial region. The concept is best illustrated by studying patients of anterior wall acute MI with Clinical Cardiology DOI:10.1002/clc concomitant ST-segment elevation in inferior leads. 1 -4 In these studies, the characteristic electrocardiographic change was only found in one coexisting condition. The LAD must be a wrapped LAD, which caused inferoapical ischemia and inferior ST-segment elevation; and the occlusion must be distal, otherwise it would cause anterolateral ischemia, which tended to depress the inferior leads.
Conversely, the clinical significance of concomitant precordial ST-segment elevation in inferior wall acute MI is comparatively less well defined. Precordial STsegment elevation was first reported in isolated RV infarction. 5 -9 In one animal model, the precordial leads were even more sensitive in picking up RV infarction than lead V 4R . 10 Multiple mechanisms are postulated to explain the clinical condition. For instance, RV infarction causes acute dilatation of RV, which is then directed anteriorly; or the RV branch may be large and long enough to supply the RV outflow tract, of which ischemia can be detected by the adjacent precordial leads. No matter which one is true, precordial ST-segment elevation is typically present in proximal RCA occlusion, although distal RCA occlusion is also found in a small number of cases. 1 In the present study, we standardized our subjects by limiting the analysis only to those with proximal RCA occlusion so that all the subsequent clinical findings and their difference between subgroups were solely due to the dominance and size of the posterolateral branch the artery supplied.
The number of leads with ST-segment elevation and the sum of ST-segment deviation in the initial electrocardiogram during acute MI correlate well with infarct size and prognosis. 12, 13 In this study, Group A patients had more number of leads showing ST-segment elevation in leads V1-6. Paradoxically, they had significantly a smaller total ST-segment sum in inferior leads, lower peak CPK level, better LV function than Group C. Indeed, the peak CPK level and LVEF showed a nice gradation of change (best in Group A, worst in Group C, and intermediate in Group B). Thus, patients with precordial ST-segment elevation actually had smaller infarct size and more preserved LV function despite having more leads with ST-segment elevation. These seemingly contradictory findings are consistent with prior studies involving patients of anterior wall acute MI with inferior ST-segment elevation. 1 We could not demonstrate any significant survival advantage, although the in-hospital and 1-year mortality were both highest in Group C. This is probably due to small patient number.
In inferior wall acute MI, the presence of ST-segment depression in V1-3 or V4-6 or both are associated with poor clinical outcomes. 14 -17 Many studies, by using echocardiographic, scintigraphic or angiographic means, have already shown that the accompanying posterolateral branch ischemia in a dominant RCA depresses the precordial leads and results in larger myocardial loss. 14 -17 This is equivalent to our Group C patients who had larger infarct size and LV dysfunction. We postulate that Group A patients probably either had nondominant RCA or with a relatively small posterolateral branch so that ischemia of the latter was not severe enough to drag down the STsegment. Another interesting observation is that Group B and C patients had significantly less ST-segment elevation in V 4R . Kosuge et al. 18 found that the absence of ST-segment elevation in V 4R in the presence of clinical evidence of RV infarction was caused by dominant proximal RCA occlusion, leading to concomitant posterior infarction which cancelled out the anterior injury vector. Thus, patients present with inferior wall acute MI and precordial ST-segment elevation are likely to have occlusion of a less dominant RCA. The absence of posterolateral injury is a prerequisite for the manifestation of precordial ST-segment elevation and associated with better prognosis, as supported by smaller infarct size and more preserved LV function in this study.
Limitations
This study had several limitations. First, the study population was too small for demonstration of survival advantage. Second, most of the coronary angiography was performed as elective procedures, the site of occlusion might not be identical to the one in acute setting. However, Sadanandan, et al. was able to demonstrate in his article that the acute TIMI 2 and 3 flow (after thrombolytics) were similar in all his patient groups. 1 Moreover, no data of angiographic assessment of the dominance and size or extent of the posterolateral branch supplying the posterior myocardium was available. Third, the regional wall dysfunction was not assessed in this study. The echocardiographic assessment of overall LVEF is a crude assessment of LV function, which is affected by the presence of multivessel disease. We could not completely eliminate its effect as we only excluded those patients with 80% diameter stenosis in LAD and LCx. 
Conclusion
In inferior wall acute MI caused by proximal RCA occlusion, the presence of concomitant precordial STsegment elevation is paradoxically associated with smaller infarct size and more preserved left ventricular function compared with precordial ST-segment depression as in Figure 1 . This phenomenon is probably explained by the absence of posterior infarction, which tends to depress the precordial ST-segment in occlusion of a relatively less dominant RCA.
